Advanced Materials
Product Outline

Composites, 3D printing, new materials, ane
circular economy

: | vJuIié jAttvwoocjjj |

43N bPiequioolg

ED_005483_00013075-00001



BloombergNEF

ED_005483_00013075-00002



Advanced Materials — Research coverage areas
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The core strategies underpinning product
sustainability. Industry must increase its use
of low carbon materials and address material

supply chains in order to decarbonize.

+ Scenarios for material demand and
recycling

= Company strategy and goals for
bioplastics, circular economy

= Recycling technology primers and
capacity database

= Government policy and targets for
recycling, extended producer
responsibility schemes, landfill

# Circular economy case studies
« Bioplastics supply, demand, and cost
# Bioplastics technology primers

R

e ceoee Materials for
sustainability and the circular
economy

(web | terminal)

3D printing represents a shift in

manufacturing towards greater automation
and decentralization. We track adoption of the
technologies enabling the change.

+ 3D printer machine and materials costs
# Startup and industrial company strategy

and product offerings

# |Industrial applications and capabilities
« Economic crossover points and

competition with incumbents

= Investment, partnerships and news
» lechnology primers and case studies
# |mpacts of 3D printing on other sectors:

logistics, transport, manufacturing,
materials and chemicals, oil and gas.

. Next generation
manufacturing

(web | terminal)

Composites

A key advanced material for the transport and
wind supply chains. We track supply, demand,
prices, and company strategy.

s Carbon fiber manufacturer company
strategy and profiles

= Price surveys and cost drivers

= Supply and demand dynamics

¢ Recycling and sustainability

¢ Investment, partnerships, and industry news

« Carbon fiber manufacturing capacity
database

# Technology primers
« Lightweighting and industrial applications

Theme page: Composite
materials for energy and
transport

(web | terminal)
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2020 research pipeline

Composites

Recycling technologies for composite 3D printing materials company profiles  Circular economy modelling: PE, PP, copper,

materials steel, glass, pulp and paper
3D printing in the auto industry
Demand from the wind industry Packaging tradeoffs
Startups and industrial 3D printing
Demand from the aerospace industry  suppliers Recycling supply chains
Advanced manufacturing technologies = Competitive analysis for 3D printing Costs and penalties of disposal options
for composites suppliers

Recycled material pricing analysis
Supply chains and competitive analysis Part teardown: 3D printing versus

in the carbon fiber supply chain traditional manufacturing Company exposure to the circular economy

Composite materials outlook Reliability and tolerances in 3D printing  |qustrial composting and bioplastics
State of recycling in the U.S.

China'’s progress on the circular economy

Consumer sentiment on alternative
packaging and the circular economy
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Sustainability and the i
Circular Economy o
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Countries are turning to policy to
create a circular economy

European Unioy

Mexico

Malaysia A

South Africa

Chil rgentina
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Companies are adopting circular
economy strategies

Make

with clean energy and
sustainable materials

New

material will almost !
always be needed

Design Use
and repair foras long |
as possible

Remanufacture

parts or whole products
o return to the supply

forlongevity, reuse,
and recyclability

R Recycle Recover
chemically or 100% of waste
physically back to C
feedstock
Sell Landfil
a lower value recycled biodegradable or

natural materials

feedstockinto a new market

Source: BloombergNEF.
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Both demand and recycling havea
big impact on emissions

PET plastic Aluminum

CO2 equivalentemissions (Mt per year) CO2 equivalentemissions (Mt per year)

2020 2030 2040 2050 2020 2030 2040 2050

1,200

from 2030

Source: BloombergNEF.

ED_005483_00013075-00008



Countries have ambitious

recycling targets, backed by policy

95%

85%

Florida
o BB

75% South
Thailand Korea
]
Germany EU
65% & . il
» - UK.
China
45%

2019 2021 2023 2025 2027 2029 2031 2033 2035

Source: BloombergNEF Circular Economy Policy Database (web | terminal) Note:
Australia is for Capital Territory

Financial incentives for recycling and
incineration

Chile
France s With new recycling
ltaly r recyé:led plastic ré)urchases

South Korea O-year Ioén at 3% for? new recycliréxg capacity

Japan  50% subsidy for new incineration cépacity
India = 50% subsidy for new incineration cfapacity
0% 25% 50% 75% 100%

Source: BloombergNEF Circular Economy Policy Database (web | terminal) Note:
Japan and India’s subsidies are for incineration with energy recovery
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Chemical recycling is profitable

and growing

Economics of chemical recyeling

$ per metric ton of recycled output

$0 $400 $800

$1,200 $1,600

$608 IRR: 14%

$443 IRR:33%

Mixed —
plastics IRR: 11 %
% Capex mOpex #Feedstock  Profit
Source: BloombergNEF

Chemical recycling cumulative capacity outlook

Million metric tons

- Forecast
4.1
4 ... *Announced 8%
3 6%
2 4%
1 2%
0 0%
2019 '25e '30e

PET % of plastic MSW

Mixed plastics

Source: BloombergNEF

Bl ey rener e B ROV Oy
POVEITIDEY O, Sl

BloombergNEF

ED_005483_00013075-00010



Bioplastics
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There’s a bioplastic for every

application

Drop-ins
Bio-PE 9% Packaging PE
{bic-polyethylene) Consumer goods
Bio-PET" 42% Rigid packaging PET
{bic-polyethylene terephthalate} Automotive
Bio-PA 4% Automotive PA
{bioc-polyamides} Construction
Substitutes
PLA 1% Packaging PS, PP, ABS |
{polylactic acid} Textiles
PHA 3% Packaging PE, PP. PVC N EWLIE T
{polyhydroxyalkanoates) Automotive o S
Bio-PES™ Flexible packaging PE, PP
{polybutvlene succinate) 15041 Consumer goods
e
PBAT Packaging PE, PS 5
{polybutylene adipate terephthalate) Agricuiture W craate chemistry
Starch-based 8% Flexible packaging Depends on

{thermopiastic starch blends)

Consumer goods  clend

Source: BloombergNEF Note: *bio-PET and *bio-PBS are partly bio-based. Tincludes polycaprolactone. Bioplastics covered in this note are commercially available.
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Prices are falling, but are still subject

to premiums

Prices of drop-in bioplastics

Price premium over fossil-based

350%

BOO e oo it £ e

5 6

DOy oo el - oot i et

150%

100% T

50%

& B

0% f ; i H H
2005 2008 2011 2014 2017

# bio-PA

# bio-PE

# bio-PET

2020

Prices of substitute bioplastics

$ per metric ton of resin

25,000

& Starch

20,000

@ PBS/
®

@ & s PHA

5,000 «PLA

0 . : : 1 |
1999 2002 2005 2008 2011 2014 2017 2020

Source: BloombergNEF, company interviews, various academic and market sources Note: multiple prices in a year reflect ranges.
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Composites

ED_005483_00013075-00014



Japanese companies dominate
supply

(Thousand Metric Ton)

Toray{Japan)
SGL
Mitsubishi Chemical{dapan)

Teijin{Japan)}
Hexcel
Formosa
oolvay
Zhongfu-Shenying
Jiangsu-Hengshen
DowAksa

Others

o 10 20 30 40 50
Source: BloombergNEF, AVK
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But China has aggressive targets

CCCCC
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And big expansion plans for
carbon fiber to match them

Metric tons

Zhongfu shenying carbon fiber
Hengshen Co.
Jinggong Group

Guangwei group (GW composite)

Kangde group (ZAX Technology)
Blue star carbon fiber

Taigang gangke carbon mateiral 1,200

CNPC Jilin petrochem | 600

Henan yongmei carbon fiber | 600

Fangda jiangcheng carbon fiber . 500

Sinopec Shanghai petrochem 500

Zhongjian technology = 300

Xinjiang carbon valley Current Capacityé = Newly Aénnounced é)apacity

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
Source: BloombergNEF, Company websites, China Petroleum and Chemical Industry Federation(CPCIF)
BloombergNEF

ED_005483_00013075-00017



Carbon fiber will be below $10/kg by
2024

Average price ($/kg, real 2019)

$10.0/kg by 2024

$13.7/kg by 2018

1 si ; esmssEREEEEE 55
1970 1980 1990 2000 2010 2020 2030

Source: BloombergNEF, Academic papers.
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3D Printing
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Technology is improving while

costs fall

3D printing machine costs over time

Machine costs
$500,000

$450,000
$400,000
$350,000

Large volume

$300,000
$250,000
$200,000

printers

$150,000 44444444444 S

$100,000 . Srpall volume .
$ printers
50,000

$O g i

3D printing build size and speed
Build speed (cm®hr)

Cl BAAM

Carbon ®

10,000 \ @Desktci)p Metal Producjtion
: ExOne g
M-Print HP MulitJet Fusion 5200

%

3D Systems . @ Norsk Titanium
5 @« Formlabs Form2 | E
SLM 500

Formlabs Fu’s§e1

Fak?ricSLabs MVP RAM

SLM 280

slMi12s o DeskiopMeta |
0T (3o g N S P

Ultimaker S serieét:

2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 § ®

1

#Industrial plastic  Industrial metal @ Industrial ceramics and composites 0.001 0.010 0.100 1.000 10.000 100.000

Build volume (m?)
wlLaser based @Deposition #Binderjetting s Stereolithography Other

Source: BloombergNEF, company websites, academic sources. Note: Build speed is shown on a logarithmic axis.
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Falling material prices will drive
greater adoption

$/kg 3D printing polymer prices over time

0 -

2016 2017 2018 2019 Comparable Future

Source: BloombergNEF, Carbon Inc. Note: Purple values are estimations. ‘Comparable’ is equivalent injection molding materials. ‘Future’ is expected price at mass-production
scale.
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Which could cut down on VMT and
oil demand

Changes to transportation costs and delivery distances by using 3D printing and just-
in-time logistics

Reduction in transport metrics (%)

75% per part
North America Fuel costs 45%
| per day
Labor costs 43%
62%

Europe 31%

| abor costs 31%

Source: BloombergNEF
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Copyright and disclaimer

The Bloomberg NEF ("BNEF"), service/information is derived from selected public sources. Bloomberg Finance L.P. and its affiliates, in providing
the service/information, believe that the information it uses comes from reliable sources, but do not guarantee the accuracy or completeness of
this information, which is subject to change without notice, and nothing in this document shall be construed as such a guarantee. The statements
in this service/document reflect the current judgment of the authors of the relevant articles or features, and do not necessarily reflect the opinion
of Bloomberg Finance L.P., Bloomberg L.P. or any of their affiliates (“Bloomberg”). Bloomberg disclaims any liability arising from use of this
document, its contents and/or this service. Nothing herein shall constitute or be construed as an offering of financial instruments or as investment
advice or recommendations by Bloomberg of an investment or other strategy (e.g., whether or not to “buy”, “sell”, or “hold” an investment). The
information available through this service is not based on consideration of a subscriber’s individual circumstances and should not be considered
as information sufficient upon which to base an investment decision. You should determine on your own whether you agree with the content. This
service should not be construed as tax or accounting advice or as a service designed to facilitate any subscriber’s compliance with its tax,
accounting or other legal obligations. Employees involved in this service may hold positions in the companies mentioned in the
services/information.

The data included in these materials are for illustrative purposes only. The BLOOMBERG TERMINAL service and Bloomberg data products (the
“Services”) are owned and distributed by Bloomberg Finance L.P. ("BFLP”) except (i) in Argentina, Australia and certain jurisdictions in the Pacific
islands, Bermuda, China, India, Japan, Korea and New Zealand, where Bloomberg L.P. and its subsidiaries (“BLP") distribute these products, and
(if) in Singapore and the jurisdictions serviced by Bloomberg’s Singapore office, where a subsidiary of BFLP distributes these products. BLP
provides BFLP and its subsidiaries with global marketing and operational support and service. Certain features, functions, products and services
are available only to sophisticated investors and only where permitted. BFLP, BLP and their affiliates do not guarantee the accuracy of prices or
other information in the Services. Nothing in the Services shall constitute or be construed as an offering of financial instruments by BFLP, BLP or
their affiliates, or as investment advice or recommendations by BFLP, BLP or their affiliates of an investment strategy or whether or not to “buy”,
“sell” or “hold” an investment. Information available via the Services should not be considered as information sufficient upon which to base an
investment decision. The following are trademarks and service marks of BFLP, a Delaware limited partnership, or its subsidiaries: BLOOMBERG,
BLOOMBERG ANYWHERE, BLOOMBERG MARKETS, BLOOMBERG NEWS, BLOOMBERG PROFESSIONAL, BLOOMBERG TERMINAL and
BLOOMBERG.COM. Absence of any trademark or service mark from this list does not waive Bloomberg’s intellectual property rights in that
name, mark or logo. All rights reserved. © 2019 Bloomberg.
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Bloomberg NEF (BNEF) is a leading
provider of primary research on clean
energy, advanced transport, digital industry,
innovative materials, and commodities.

BNEF’s global team leverages the world’s
most sophisticated data sets to create clear
perspectives and in-depth forecasts that
frame the financial, economic and policy
implications of industry-transforming trends
and technologies.

BNEF research and analysis is accessible
via web and mobile platforms, as well as on
the Bloomberg Terminal.

~ BloombergNEF
Coverage. o S o o S o
Clean energy
Advanced transport
Commodities

Digital industry

(Get the app Client enquiries:

Bloomberg Terminal: press <Help> key twice
Email: support.bnef@bloomberg.net

Bl o Learn more:
about.bnef.com | @BloombergNEF
On 108 + Android

about.nel.convimabils
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